As is generally believed, these flows principally originate in the impoverished, stagnant Northeast region (Castro, Neto, Grabois et al., 1976) . However, such descrip tions based on the statistics aggregated at the level of the administrative regions seem to be misinformative about the functional regions formed through the exchanges of human resources.
Fig. 1.1 Brazilian states
The statistics aggregated for the official regions tend to mask the significant streams flowing out Minas Gerais (in the Southeast) into Rio de Janeiro and Sao Paulo which far exceed in size that of any single state of the Northeast region. Also, they tend to conceal diversification among the states in the region with respect to migration patterns and links to the development centers.
The information shown in Tables 1.2 and 1.3 about males illustrate the points. (Inclusion of females do not affect the generality of our argument.) An important implication of Table 1 .2 is that attempts to control the influx into Rio de Janeiro and SAo Paulo will be effective if a priority is assigned to the push-pull relation ships with Minas Gerais rather than with the vast territory of the Northeast. Concerning Table 1 .3, we see that the two core states lack attractiveness as compared to the less prosperous Goias and Maranhao to those who left the northern three states of the Northeast. Among emigrants from the rest of the states of the region, either Rio de Janeiro or Sao Paulo enjoys the most preferred status as destination. Still one should not overlook the importance of Paraiba, Pernambuco, Bahia and Parana as receiving areas. The observed patterns appear to be the products of complex interactions of various kinds of push-pull factors such as economic prosperity, employment chances, wage levels, physical and psychological distances in addition to the transportation and family-kinship networks.
These preliminary findings led us to conduct a systematic analysis of population movements among all the states in the nation. The purpose of the present study is to provide basic information about the functional organization of the states resulting from or responsible for human migration.
Rephrased in more concrete terms, our objective is to identify spatial configurations of the Brazilian states by taking migration volumes as proxies for interstate proximity.
That is, in the crudest form, * (1 .1) o=; =m2;
where o*; and m2 denote the proximity and migration volume from state i to j, respective ly. However, this formula needs refinement as explained below. Slater (1975 Slater ( , 1976 who shared the same interest with us proposed an application of cluster analysis to find functional regionalization after adjusting migration volumes for the size effects associated with origins and destinations. Although he claimed that his approach led to a discovery of previously unnoticed relationships among the administrative units in Russia (1975) and Japan (1976) , his claim suffers from the following shortcomings : 1) Slater substituted the migration volume for the distance between administrative units. This means that he attached equal weight or importance to each individual counted in the transaction matrices. The assumption he tacitly made appears unrealistic, since the volume of dependent migrants accompanying primary movers must be discounted in computing intersate proximity.
Primary movers refer to those who make decisions to move, e.g., household heads, while dependent movers like children usually act according to the decisions of primary movers.
2) In his divisive clustering procedure, he failed to fully utilize asymmetry in the transaction matrices ; for a given pair of units, the value of the critical link, c*;, was a smaller volume of migrants exchanged between them.
To put formally, ci,=min mi,, m,i ).
As a solution to the problems, we suggest the use of multidimensional scaling. The technique, developed by psychometricians (see Kruskal and Wish, 1978; Takane, 1980) , is designed for placing objects in a multidimensional space in which the distances between pairs of objects, di,, correspond to their proximity :
For technical reasons, proximity data must be first converted into disproximity data, oi;, for instance, by oi,=constant-o*,.
To maintain consistency, however, we will use the term proximity throughout the paper, provided that readers understand that oi, instead of o enter the actual computations. Suppose that we have obtained a reasonable configuration of all the states in a two dimensional space, the position of state i can be indicated by its coordinates on the two axes (x i , , x i Z ). The (squared) distance between two states in this space will be
where z>ia is a weight on the a-th axis assigned to state i included to handle asymmetry in the proximity matrix, O. Note that dii=dii if via::--via.
We still need some device to relate proximity to distance. This will be done by defining f of equation (1.2) as monotone transformation which preserves rank order information in the proximity matrix, O. As a result, the following condition will be satisfied for all pairs of the states : oi,<Oki , di,<dki.
The monotone transformation is expected to make the obtained configuration less vulner able, as compared with Slater's linear transformation approach, to the possible variations in the proximity data. Variations may arise from measurement errors or from the differences in the proportion of primary movers in mi3. It should be recalled here that we interpret o;; as some measure of interstate propinquity which is reflected chiefly in the volume of primary movers but not that of dependent movers. Thus the derived proximity measure should not be too sensitive to the proportions of the dependent movers.
Before closing this section, we shall briefly comment on standardization of migration volumes by the IPFP (iterative proportional fitting procedure). Descriptive studies (e.g., Castro, Neto, Grabois et al., 1976) often utilize nonstandardized raw migration volumes. The method is pertinent where interests lie in the assessment of the absolute volume. For instance, 10,000 immigrants may require special service programs or facilities in the destination, whereas such attention may not be necessary in receiving 500 migrants. However, if one treats the absolute size of a migration flow from state i to j as a a measure of interstate proximity, he/she fails to take into account the strength of the interstate linkages relative to the total size of immigration and emigration pertaining to the states. Suppose that state j received 100 migrants from each state i and k out of total 200 and 100,000 emigrants of the respective states. It seems natural, then, to regard state i is more closely linked to state J than is state k to j. The same argument applies to the size effect of total immigration. That is, standardization of the data is desirable in the analysis of proximity among states. In the present study, elimination of the size effects associated with origin (i.e., emigration) and destination (i.e., immigration) was performed by the IPFP to the uniform margin (see Fienberg, 1970) . If a research purpose is a projection of migration flows needed to achieve certain population equilibrium (e.g., MacKinnon and Skarke, 1977) , an analyst can adjust frequencies to nonuniform margins computed on some theoretical ground.
In brief, the IPFP iteratively scales internal cells of a given cross-classified table such that they sum to the desired marginal totals. The iteration for scaling will be repeated until the difference of the cell values in two successive cycles becomes sufficiently small. It is known that the IPFP preserves statistical interactions among cells in terms of cross product ratios, (mz;/m (k )/ (mh;/mhk ), i $ h, J4-k By fitting a migration matrix to uniform row and column margins, we are able to analyze standardized migration flows from which the size effects associated with origins and destinations are removed. Besides the statistical advantage, the IPFP allows what is not usually embodied in the analysis of interstate migration : evaluation of interstate migration in light of intrastate migration. Slater (1976) also recognized the merit of including intrastate moves in standardizing migration matrices where possible. Introduc tion of the intrastate moves in the IPFP for the Brazilian case makes it possible to evaluate proximity among the states adjusted for the gravity of the states holding opportunity seekers within their boundaries. However, the method should not be considered, in any definite sense, superior to the two methods discussed above : nonstandardized and standar dized matrices without intrastate moves. The relative utility of the methods depends on research purposes. Since our objective is to provide basic information for further investi gations, it seems appropriate to present different spatial configurations of the Brazilian states resulting from all three proximity matrices. To avoid confounding effects of sex, information about females was omitted from the analysis.
2.2 Proximity matrices. Three proximity matrices were derived : A) non-standard ized matrix which was in fact the migration matrix with the diagonal cells deleted, B) standardized matrix without adjustment for intrastate migration, and, C) standardized matrix adjusted for intrastate migration. Standardization of the proximity matrices was carried to the uniform margins of 1000 in the IPFP.
Multidimensional scaling.
Prior to scaling, the proximity, o*;, was converted into disproximity, oZ;, by Oi;=1000-o*;.
The ASYMSCAL model in the ALSCAL program available in the SAS package (Reinhardt, 1980) was applied to the disproximity matrices.
We obtained two dimensional configurations for the ease of interpretations.
The efficiency of scaling can be judged by Kruskal's stress 1 which measures how well a given configuration represents the data.
Stress is a square root of the following quantity ;
2.4 Functional regions. A functional region was operationally defined as the cluster ing of more than one state all of which were mutually linked within moderate distances (d;; <_ .600). The criterion was chosen so that every cluster would have some link(s) with at least one of the remaining clusters in a given configuration.
This stemmed from our substantive consideration : the results should not give an impression that functional regions are totally separated from each other in a nation. However, one or two exceptions would be tolerated.
Results
The configurations (Configurations A, B and C) produced from the three proximity matrices are presented in Figures 3A, 3B and 3C Table 3 .1 for each configuration.
Among all the regions, those comprising Minas Gerais (S16), Rio de Janeiro (S18), Sao Paulo (S19) and Mato Grosso (S23) was notable, they were persistently found near the center of the three configurations. Due to their centrality, these states will be referred to as core states hereafter. There were semicore states which joined the core states in forming the central regions : Bahia (S15) and Parana (S20) in Configuration A, and Distrito Federal (S25) in Configuration C. Configuration B would have had a semicore state, too, if there had been a sufficient volume of migration from Minas Gerais to Distrito Federal. Despite the geographical proximity, no linkage was observed between Espirito Santo (S17) and Rio de Janeiro in any configuration. This holds, too, for the relationships between Goias (S24) and Sao Paulo. The other persistent clustering across configurations was found among Maranhao (S7), Piaui (S8) and Ceara (S9), but they did not occupy central positions.
The six states of the North formed a cohesive but isolated region in Configurations B and C, though the cohesion was not complete in the latter. Such correspondence between the administrative and functional regions among these states was not found in Configuration A, primarily due to the functionally detached position of Rondonia (S1) from the rest of the North. The state received a large volume of migrants from the five states in the eastern part of the Northeast-Rio Grande do Norte (S10), Paraiba (S11), Pernam buco (S12), Alagoas (S13) and Bahia (S15)-and sent out their own mobile population to Rio de Janeiro and Sao Paulo. However, none of these linkages were bilateral.
The Northeast dissolved into three functional regions which were remotely located from each other in Configuration A : i) Maranhao (S7), Piaui (S8) and Ceara (S9) ; ii) Rio Grande do Norte (S10), Paraiba (S11) and Pernambuco (S12), and ; iii) Alagoas (S13), Sergipe (S14) and Behia (S15). Clustering of the first three states was most stable across all configurations.
The reduction of the between-region distances in Configurations B and C was accompanied by some changes in the interstate linkages. First, concerning Configuration B, the states of the second group (ii) no longer clustered into a region, although they did not greatly disperse in the space. Because of the increased distances, the reciprocal linkage between Rio Grande do Norte and Paraiba was replaced by the one connecting the former with Ceara.
Second, new clusterings of the states emerged in Configuration C around Rio Grande do Norte (S10) which constituted a region with Paraiba (S11) and Goias (S24). In addition, the region comprised of Maranhao, Piaui and Ceara would have been enlarged, had there been a closer linkage from Rio Grande do Norte to Maranhao.
Due to the increased distances from Sergipe (S14) to Alagoas (S13), on the one hand, and from Bahia (S15) to Sergipe, on the other, clustering of these three states disappeared in Configuration C.
The states of the Southeast, South and Central-East fall in three classes : core states -Minas Gerais (S16) , Rio de Janeiro (S18), Sao Paulo (S19) and Mato Grosso (S23) ; semicore states-Parana (S20) and Distrito Federal (S25), and ; peripheral states-Espirito Santo (S17), Santa Catarina (S21), Rio Grande do Sul (S22) and Goias (S24). Coherence of the core states was, as reported earlier, unsusceptible to the computations of the proximity data, though the internal formations changed.
Unlike the other persistent clustering by
Maranhao, Piaui and Ceara, the core states occupied central positions in all configurations. Each of the semicore states contributed to the formation of central regions with the core states in one of the configurations, but not jointly. That is, Parana and Distrito Federal were bilaterally connected with the core states in Configurations A and C, respectively. In Configuration B, reciprocal linkages from Minas Gerais to these states were not present. The small region formed by Goias (S24) and Distrito Federal (S25) showed no linkage with the core states in Configuration A. Instead, they were connected, though only as recipients, with the aforementioned two groups of the Northeastern states : one consisted of Maranhao (S7), Piaui (S8) and Ceara (S9), and the other consisted of Rio Grande do Norte (S10), Paraiba (S11) and Pernambuco (S12). By contrast, the statuses of the two states changed and differentiated in Configurations B and C : On the one hand, Distrito Federal joined the clusterings by the core states, though its full participation was prevented in the former configuration by the absence of a reciprocal linkage from Minas Gerais ; on the other hand, the sole status of Goias as a recipient of migrants continued in Configuration B. The sources of migrants, however, changed to Rondonia, Rio de Janeiro, Mato Grosso and Distrito Federal.
Only in Configuration C Goias reciprocated migration streams in a new region comprising Rio Grande do Norte and Paraiba both of which are physically most distant in the nation from Goias. The region consisted of the other three peripheral states in Configuration A-Espirito Santo (S17), Santa Catarina (S21) and Rio Grande do Sul (S22) overpassed both Rio de Janeiro and Sao Paulo in spite of the intermedi ary geograpical positions of the two prosperous states.
A similar pattern was observed in the region composed of Espirito Santo, Rio Grande do Sul, Minas Gerais (S16) and Parana (S20). In Configurations B and C, insulated clustering by Santa Catarina (S21) and Rio Grande do Sul (S22) was noticeable.
The status of Espirito Santo (S17) differed in these configurations.
While the state was marginally located and unrelated to any region in Configuration C, its mutual linkages with Minas Gerais and Sao Paulo in Configuration B were strong enough to form a functional region. That is, the Brazilian migration streams are essentially multidir ectional and cluster around a few core states.
The best strategy under the circumstances is to rely on multidimensional scaling technique by which we may reconstruct a spatial map of the nation in accordance with the interstate proximity information derived from a migration matrix. The spatial configurations we obtained from the ALSCAL algorithm with ordinal transformation markedly differed depending on whether the proximity matrices were standardized (Configurations B and C) or not (Configuration A). Compared to these differences, the adjustment for intrastate moves in the standardization procedure did not have significant effects on the clusterings of the states except for the changes occurred in the locations of Pernambuco and Goias. The observed shifts of the other states and the associated changes in the distances were small. This means that the adjustment for intrastate moves did not greatly altered the rank order structure of the proximity in our data.
In view of the present evidence, we can point out the fallacy of the popular notion about the Northeast as the primary source of migration into Rio de Janeiro and Sao Paulo. It appears so when other migration flows are not simultaneously considered. Our results,
by sharp contrast, demonstrate the importance of the circulation of population among the four core states-Rio de Janeiro, Sao Paulo, Minas Gerais and Mato Grosso. Geographi cal proximity and levels of economic development are probably responsible for the regionalization by these states. However, attribution to these factors alone will fail to explain why emigrants from Espirito Santo and Goias overpassed the neighboring Rio de Janeiro and Sao Paulo, respectively. Other well-known push-pull factors such as dispar ities in income and educational levels seem all insufficient as far as ecological inferences are made at the state level. A plausible explanation may be found in the specific demand supply relations and operations of social networks.
However, empirical evidence in this regard must be sought in data sources other than census.
The principle of geographical proximity in determining feasible distances seems at work in the decomposition of the Northeast into three groups of the states most clearly seen in Configuration A ; (Maranhao, Piaui, Ceara), (Rio Grande do Norte, Paraiba, Pernambuco), and (Alagoas, Sergipe, Bahia). There still remains a question to be answer ed as to why this particular grouping or differentiation occurred among other possibilities under the same principle. If transferability of job skills and expertise are key factors in migrants' decision making, within-group similarities with respect to, for instance, the production mode and market structures may account for the differentiation among the groups. Inquiries into contextual factors discriminating these groups from each other must be made in future studies.
The present analysis uncovered another type of differentiation of the Northeast that has rarely received attention in previous studies : only one third of the states have linkages with Rio de Janeiro and Sao Paulo. They are Ceara, Pernambuco and Bahia.
Besides differentiation among the three states and from the rest of the Northeast, theorists, particularly those who emphasize opportunity discrepancies as the major determinants of migration, must provide adequate explanations about the links to Pernambuco and Bahia from Rio de Janeiro and Sao Paulo. Internal differentiation of the officially defined regions was not limited to the North east. More precisely stated, the functional regions identified in the present study did not agree with official divisions of the nation. The only correspondence between the official and functional regions was observed about the North in the configurations based on the standardized proximity matrices (B and C). Although the lack of match between the functional and administrative regions may not be surprising, our results still appear to deserve mentioning in view of frequent policy suggestions based on the latter divisions alone. Since all the points raised above regarding the operations of possible causes are relevant here, we shall not repeat them. We expect that the results of the present study offer valuable information and clues to both causal modeling and empirical research.
